gestion of food and water was prohibited for 14 to 17 hours. The overnight urine was collected and discarded about 2 hours before the administration of Pitressin@D. Two units of Pitressin@9 were administered subcutaneously at about the 15th hour of fasting and thirsting and another two units were administered 30 minutes later.
Urine samples were collected 10, 30 , and 60 minutes following the first injection of Pitressing. The most concentrated of the three samples was considered to represent the maximal urine concentration ability under the conditions of the test. If successive urine samples showed any degree of progressive concentration, it was assumed the subject had ingested water and the test was repeated. A catheter was used to obtain urine from infants under 2 to 3 years of age and from the occasional adult who could not void. Some of the children cried following the parenteral medication; otherwise, the patients remained quiescent during the test.
In most cases the concentrations of the three urine samples were of the same order of magnitude. Occasionally the urine samples following the administration of Pitressin@ were more dilute than the sample obtained before the Pitressin@ was administered; this observation was confined chiefly to the infants and children who physically manifested their displeasure at having received an injection. Possibly a renal hemodynamic change or solute diuresis resulted from the crying.
B. Simple dehydration test: This test was identical to
test A above except that PitressinQ was not used and the urine collections were extended for two one-hour periods.
C. Urine concentration test during water administration: The patient was urged to drink water to his maximum ability. While the patient was undergoing water diuresis and was in positive water balance amounting to about 2 to 3 per cent of body weight, PitressinQ was administered and urine collected as in the routine urine concentration test described above.
Case materiaW
The control subjects included normal volunteers, nonsicklemic siblings of patients with sickle cell anemia and genetic dwarfs.
The sickle cell anemia patients had a history of sickle cell crises and had been hospitalized frequently. Hematological examination revealed positive sickling, predominantly "S" hemoglobin by paper electrophoresis and reticulocytosis (see Table I ). Most of the older patients had received many transfusions but almost none of the patients under 3 years had been transfused. Several transfusions had been given to patients Nos. 25 and 26 within 5 months of the study. Patient No. 24 had thalassemia-sickle cell disease and patient No. 9 had sickle cell "C" disease.
RESULTS
The urine concentration test was performed on 12 white and 12 nonsicklemic negro normal con-998 trols of varying ages (see Figure 1A) . The average urine concentration was similar in both groups of control subjects, and in subjects of different ages. The mean value and standard deviation for the 24 control subjects was 1,055 + 118 mOsml. The urine concentration test was performed on 29 patients with sickle cell anemia (see Table I and Figure 1C) . None of the patients was able to concentrate urine normally. No untransfused patient over 7 years of age achieved a concentration over 500 mOsml., whereas one-half of the patients under 7 years concentrated above 500 mOsml. One untransfused patient aged 4 years was able to concentrate to 767 mOsml. The blood urea nitro-,gen and routine urinalyses were normal in all patients.
It seemed reasonable to hypothesize that if the concentration defect were due to intravascular sickling or to sickle cell hemoglobinemia that the defect might be reversible if sickle cells were eliminated from the vascular system. Therefore multiple blood transfusions were given to seven patients.
The results of urine concentration studies of four children under five years of age with sickle cell anemia who were given multiple transfusions of normal red blood cells 1 are presented in Figure 2 . The maximum ability to concentrate urine increased from 553 to 682 mOsml. before the transfusions to 942 to 1042 mOsml. following the transfusions. The ability to concentrate urine returned to the pretransfusion level following cessation of transfusions and the return to the sicklemic state. As there was no decrease in the rate of excretion of solutes, the observed changes were not due to solute diuresis effect. In a 10-year-old patient the maximum ability to concentrate urine increased from 500 mOsml. to 750 mOsml. only after 2 months of repetitive transfusions (see Figure 3 ). While this increase represents a substantial improvement in urine concentration, the highest concentration achieved is considerably below the lower limit attained by the control subjects. Possibly a normal maximum urine concentration would have been attained if the transfusions had been continued for a longer period. In two young adults the concentration defect was altered only slightly, or not at all, following correction of the anemia (see Figure 4) . However, insufficient observations were made, and the transfusions may not have been continued for a sufficiently long period of time, to conclude that the urine concentration defect in these older patients was irreversible. The data suggest however that both the severity and reversibility of the hyposthenuria are altered with age.
CELL TRAIT SUBJECTS, AND (C), SICKLE
A consideration of possible mechanisms resulting in hyposthenuria in sickle cell anemia A. The possible effect of anemia and hemoglobinemia on formation of concentrated urine. It has been suggested that anemia, which in some instances is associated with reduced renal clearances of inulin and PAH (10) , may result in hyposthenuria but this apparently is not always the case (3, 4, 11) . The maximum urine specific gravity value recorded in the hospital record of patients with various types of anemia, including some with chronic anemia, is seen in Figure 5 . In over onethird of the patients specific gravity values over 1.025 were observed, whereas adult patients with sickle cell anemia have urine specific gravity values that range from 1.010 to 1 Table I ). In two of these patients (Nos. 1 and 27) it was ascertained that the plasma hemoglobin Itt, Iftr^tso-remained below 6 mg. per cent for several months, even during sickle cell crises. The urine concentration defect is as severe in these patients as in the patients with more pronounced hemoglobinemia.
Since it has been shown that the degree of hemoglobinuria is usually directly related to the plasma hemoglobin concentration it would appear that hemoglobinuria also may not be the cause of the hyposthenuria. B. Hemodynamic factors and renal function. A frequent finding in children with sickle cell anemia is an increase in the glomerular filtration rate (GFR) (12) . However, adults with sickle cell anemia usually have a normal or even decreased GFR (13) . It is not clear how an increase in the GFR could, in the absence of solute diuresis, influence the concentration of urine during hydropenia. The findings of Bruck (14) (14) . Quiet standing, which resulted in syncope, and prolonged dehydration, which increased osmolality of plasma by 10 per cent, failed in each instance to alter the ability of the kidney to concentrate urine in two sickle cell anemia patients. Dehydration and quiet standing are frequently accompanied by a reduction in the GFR (15, 16) .
The effect of correcting anemia ou renal clearances was determined in two sickle cell anemia patients. The results which appear in Table III indicate no consistent change and confirm the observations of Bruck (14) . It is clear, however, that the number of red blood cells flowing through the kidney per unit of time increased markedly following the correction of the anemia since the hematocrit was increased two-fold. However, there is little reason to believe that a disturbance in oxygenation of renal cells is related to the concentration defect. The effect of 100 per cent oxygen administration for two hours on the urine concentration of solutes was observed in two waterdeprived patients with sickle cell anemia. The solute concentration of urine remained unchanged.
The urine concentration ability of subjects with the sickle cell trait It has been suggested that the urine concentration defect in sickle cell anemia is genetic since the defect is also found in non-anemic trait parents of these patients (4). disease patients. Only eight subjects with sickle the sickle cell trait (17, 18) . This further indicell trait achieved a urine concentration which was cates that the concentration defect is not a consein the 95 percentile range of normal. The remain-quence of a hemodynamic change, if one assumes ing 18 subjects had urine concentration maxima that the etiology of the concentration defect in that are in the range described by the sickle cell both the trait and the sickle cell anemia patients is anemia paients. A history of a G.U. tract infection the same. was denied by all subjects except on No. 14. The plasma urea nitrogen concentration, routine uri-The effect of Pitressin@D during water diuresis in nalysis, plasma hemoglobin concentration and sickle cell anemia and in normal controls blood pressure were normal in all subjects in whom Two normal subjects and two patients with these tests were performed.
sickle cell anemia were given graded doses of The GFR has been reported to be normal in PitressinI intravenously during sustained water Table  V ). It would appear inappropriate to label the concentration defect in sickle cell anemia as being Pitressin®-resistant, as suggested earlier (2). This is a term which might best be reserved for the condition characterized by the resistance to Pitressin®. while the kidney is forming hypotonic urine.
DISCUSSION
In face of the finding that in young patients the urine concentration defect in sickle cell anemia was completely corrected following the elimination of sicklemia, there seems to be no reasonable alternative to concluding that the urine concentration defect results from the presence of sickle cell hemoglobin. It obviously is not due to extensive renal disease since the GFR, PAH clearance (12) (13) , water diuresis and other renal functions (18) are often normal or supernormal. The finding that sickle cell trait subjects also exhibit the urine concentration defect indicates that the defect is not primarily due to anemia, if one assumes that the etiology of the concentration defect in these subjects is the same as in the sickle cell anemia patients. The presence of the defect in sickle cell anemia patients with only mild anemia further indicates that anemia is not primarily responsible for the renal defect.
Two possible mechanisms which might cause the defect in both the trait and anemia patients are 1 ) subclinical intravascular sickling in kidney and 2) a functional impairment of the concentrating mechanism due to the presence in the renal tubules or tubular cells of sickle cell hemoglobin.
Abel and Brown, and others (19) (20) (21) (22) have reported the occurrence in sickle cell trait patients of tissue damage presumably resulting from intravascular sickling. In some cases high altitude flying precipitated sickle cell crises but usually no known predisposing circumstances favored intravascular sickling. Painless unilateral hematuria has been the most frequently reported abnormality in the sickle cell trait (19, 22) . As the red cell survival time, reticulocyte count and plasma hemoglobin concentration are normal in the sickle cell trait it is quite certain that generalized intravascular hemolysis and an increased rate of red cell destruction do not usually occur (23) (24) (25) . If sickle cell hemoglobin, as normal hemoglobin, is reabsorbed by the renal tubular cells from tubular urine (26) (27) , the presence of sickle cell hemoglobin may in some unexplained manner result in renal damage. However, the lowest concentration of "S" hemoglobin that can produce aggregation at zero oxygen tension and a pH of about 7 is between 7 and 10 Gm. per cent (28) ; therefore it would appear unlikely that renal intracellular precipitation of "S" hemoglobin occurs.
There is indication that severe chronic hemoglobinuria is deleterious to kidney function since only one of five of Ham's patients with chronic hemolytic anemia not due to sickle cell disease could concentrate urine normally; two of his patients had other signs of renal impairment (29) . However, these patients had hemoglobinemia of much greater severity than any of our sickle cell anemia patients. SUMMARY 1. Impairment of urine concentration was seen in 29 patients with sickle cell anemia, sickle cell "C" disease and sickle cell thalassemia. The concentration defect was not associated with other evidence of renal impairment.
2. The ability to concentrate urine was restored to normal in four infants with sickle cell disease following multiple transfusions of normal red blood cells. In a 10-year-old child the concentration defect was only slowly and incompletely corrected and in two young adults little or no change in concentration ability was observed following multiple transfusions.
3. The minimal threshold response to Pitressins during water diuresis appears to be normal in sickle cell anemia.
4. The possibility that the urine concentration defect in sickle cell anemia and the sickle cell trait results from renal damage due to either intravascular sickling or from the presence of sickle cell hemoglobin in renal tubular cells is discussed.
5. Impairment of urine concentration was seen in 69 per cent of subjects with the sickle cell trait. In most instances the degree of impairment was less than that seen in patients with sickle cell anemia. Other evidence of renal damage was lacking. 6 . Hyposthenuria is the most common complication associated with the presence of intravascular "S" hemoglobin.
